of relatively low density is often observed. A compact bright feature called the "'core" is sometimes embedded in the cavity.
The variation in CME latitudes over the solar cycle is also similar to that of large-scale solar features such as helmet streamers and prominences (structures containing relatively cool chromospheric material that can remain suspended in the corona for periods up to several weeks before disappearing, often by erupting outwards).
CMEs can be identified in interplanetary, space by a number of signatures [14] . These si_atures include bidirectional streaming of electrons and protons, low plasma/3 (the ratio of gas pressure to magnetic pressure L enhanced helium abundance and anomalous abundance of other species, low ion or electron temperatures, and enhanced magnetic field strength and smooth rotation of the field orientation.
However. it is rare to find all of these signatures in any one event, and there is no signature that is uniquely present in all events. It is often unclear which parts of the structures observed in situ correspond to the features observed with coronagraphs, so the term interplanetary CME (ICME) is often used to distinguish the ejected plasma in the solar wind. A CME that propagates through the interplanetary.
medium with a speed exceeding the ambient wind speed by the local magnetosonic wave speed will drive a shock ahead of it [15] . CME-driven shocks can effectively accelerate large fluxes of energetic particles from the ambient solar wind [ 16] .
These particles can pose a hazard to spacecraft systems and to humans operating in space. A fast CME will also sweep up and compress slower plasma ahead of it. creaung a "'sheath" region between the shock and the ejected plasma.
The Large Angle Spectromemc Coronagraph (LASCO)
[17] on the ESA/NASA Solar and Heliospheric Observatory (SOHO) has been observing the corona almost continuously since early 1996. LASCO is a suite of three coronagraphs with concentric fields of view. The outer two coronagraphs, designated C2 and C3, are white-light imagers with a combined field of view extending from 2 to 30 R:. LASCO also has considerably improved sensitivity and dynamic range over earlier coronagraphs. These improved characteristics allow CMEs to be studied in greater detail than before. Fig. 2 shows a series of images from LASCO C2 that illustrates the development of a CME above the southwest limb on June 2, 1998 [18] .
This CME shows the classic three-part structure, with a bright frontal loop, followed by a darker cavity, and a bright, twisted In order to impact the earth and cause a geomagnetic disturbance, a CME must be launched along the sun--earth line.
or at least close enough to that line so that some part of the ejection intercepts the earth. Since the average CME width is about 45°. it is clear that most geoeffectixe CMEs must originate well away from the solar limb. Thus. they will be more difficult to observe with a coronagraph and may be expected to have a markedly different appearance to CMEs that occur near the limb. The three-dimensional structure of CMEs is difficult to determine from corona_aph images. Nonetheless, some simple conceptual models to describe their gross characteristics can be constructed. One such model of a CME as a shell-like region of enhanced density is shown in Fig. 3 . When such a structure is viewed above the solar limb. it has the loop-like appearance common to many CMEs, but clearly does not reproduce the detailed structure such as shoxvn in Fig. 2 . If this [ 12] performed a detailed study of all CMEs observed b,, LASCO from January 1996 to April 1998. and concluded that 11% of the events were either halos or partial halos, in other respects. St. Cyr et aL [ 12] found that the observed properties 1apparent speeds, occurrence rates, locations and sizesi of LASCO CMEs were very similar to those observed with other corona_aphs.
Even when a halo is identified in. coronagraph images, the physics of the scattering process is such that events moving toward the observer cannot be distinguished from events moving away from the observer. Complementary observations of associated activity on the solar disk are required to confirm that a halo CME is indeed directed at earth. Fig. 4 shows a partial halo CME observed by LASCO on January 6, 1997 [22] . This CME appeared as a faint diffuse front moving outward over the South pole in the LASCO images. Its appearance is very different to the highly structured event shown in Fig. 2 . This CME v,'as only visible in "'running difference" images, where each image has had the previous image in the sequence subtracted, thus highlighting the changes in the coronal scene from one image to the next. This CME was associated with the eruption of a small fil- and are presently considered to be suitable as an initial state to study CME initiation. Steinoifson et al. [47] first constructed a self-consistent numerical helmet streamer solution, including the solar wind, using a relaxation method. The importance of the initial corona in CME simulations was soon discovered by Steinoifson and Hundhausen (48] . They constructed three initial coronal models and showed that only the helmet streamer can reproduce the major observed characteristics of Iooplike CMEs, which consist of a three-part structure: a bright leading edge, dark cavity, and a bright core or kernel [451 similar to the most recent LASCO observation as shown in Fig. 2 . Now it is widely held that CMEs are initiated bv the destabilization of large-scale coronal magnetic field structures [9] Fig. 2 . Most recenti._ _.
Wu et al.
[641 used this model together with two distinct types of observed CMEs. and they were able to reveal two different types of initiation processes. These are: 1 ) destabilization of the streamer and flux rope system due to magnetic flux emergence to enhance the electric current of the flux rope and 2) shear induced loss-of-equilibrium of the streamer and flux-rope system to launch a CME. The first process causes the eruption of the flux rope (prominence/filament) prior to the CME. as observed in the January 3, 1998. event [65] . In the second case.
the CME is launched prior to the movement of the flux rope As discussed earlier, the key parameters that determine the geoeffectiveness of a solar wind structure are the strength and duration of southward IMF and solar wind dynamical pressure at I AU (Astronomical Unit -,-210 R: ). As the January, 6-12, CME event produced a geomagnetic storm, we use the streamer and flux rope model to determine those two solar wind parameters for this event.
The initial state of this simulation model (i.e., streamer and flux-rope_ is given in Fig. 7 . Physically. this is a representation of a streamer arcade system with a filament (flux rope) as shown schematically in Fig. 8 bilized, which launches a CME. The propagation of this newly formed CME in the corona is sho,xn in Fig. 9 . and the comparison between the simulated and measured velocity in the corona and time line of CME propagation to I AU (Astronomical Unit _ 205 R,s3 are shown in Fi_. 10. The results given in Fig. 10 and Table I indicate that the simulation and observation are in good agreement. Fig. 9 sho_s the evolution of the magnetic field topology of the streamer and flux rope system and the corresponding evolution of the density contours projected in the meridional plane from I to 14 R. in the corona. The typical three parts of the CME structure can be seen in the density contours ((p -,%)/po); a bright loop ii.e.. high-density region)
followed by a cavity (low-density remon_ and bright core (flux rope 
